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Ew1= Pin x G Wart = P ~ E  (d3m) -F G (a) dBm Q) 

When f3 equals 0 deg, the intensity is four h e s  the 
maxima i n t d ~  d one element, ElRP m15es as the 
intesity squar&, sa the maximum EIRP af the f m -  
element cluster is 16 times the ElRP d a  single element. 

At 32 GEEZ, the intensity ratio factor to be used far the 
directions dong the edges ofthe square (45 deg away fiom 
the diagonals) is 

Witen = 0.08946 deg in the dkction along the edge of 
the square, the EXP is 8 times the EIRP of a single 
element and the cln$er’s IfpBW in this direction is 
0- 17892 deg- 
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Gg. 2. K a b n d  radatiw pattern af a duster affuur 1.5m anten- 
nas with and withnut eleclronic beam steering. 

TeMe 1. ElRP VMUS reaohwical pointing error for a 3-m antenna and for 
antenma clustenr withele&ar&i beam-sbering fIRP refmay. 
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The maximum Ewp of the cluster would be affected by the 
mechanical pinling m r  as severely as the maximum 
EIRP of the single 3-m a n t e m  if electroxlic beam steering 
were not med to correct €01 the mechanical pointing error. 
Tbe m&ma pattern of an i d i v i d d  e lemt  of the cluster 
detemtines &e FBW melope as a function of the 
rnkdanical po- error. 

The e* ofphase errm and component degradatio~ is 
evaluated by using a simplified €om of the intensity 
equations, Eqs. (5a) and @a>- When no electronic steering 
is needed and j3 equals zero, txrth equrntions reduce to 



&). and ate the relative intensities of the four 
kinsmihg dements, and &J> &I, and k41 are the 
phase-angle differences (errors), in degrees, between each 
o€the sansmitting elements and the reference phase an&. 

Tabk2. Phasebmrt dqadati i .  

Table. 3 shows &e EfRp degaciatim t6af fesnlts because of 
a power loss of one b-ammMng element, wi?h a maximum 
pbase e m r  of 8 deg between the reference phase angle and 
the phase angle of each element The de,gradatiion is shorn 
in decxkls. 

3. JBRaO HE-EWP TELECO-CATION 
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xsand c-idr, 
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4 . 1  

To a.chkv& the needed phase stabsw, .transmission line 
Iengfbs from the electroaics assembly, through the TWTAS, 
and out to ea& autenna must be kept at a minimlrm. 
Placing the four Ka-band TWTAs on the antenna assembly 
just bebiud the cluster of ante- awmplishes this. Each 
Ka-bmd TWTA requires a separate high-voltage power 
supply (HVPS) whose cable m o t  exceed 1-meter length, 
which necessitates positioning these supplies on the 
moveable antema slmdmx dong with the TWTAs. 

It is uged to obtain the elevation and azimuth angle errors. 
The si@s received by each of the fom antennas are 
repremed by A, 3, C, and D, mpectwely- The hybrid 
comparatos wxrii~tion [9,lO] utilizes p h o r  additions 
_anh&tradm of the received RF signals b produce the . 

owtpnt m pattern @-, = (A + 3 + C + D)], the elevation 
diBiemm pattern J&= = @+Bf - (C+D)], the azimuth 
d33erence pattern E- = @+C) - (3+D)], and the 
diagonal difference pattern jJ:d;.g = &4 t- D> - (23 + 131 
si@s. The sum and the diffkmce channel signals are 
downconverted to a iower intern&-& fresuency 
signal (1.2 GE) plsing a stable X-band {8.4-GE) dielectric 
resonator d a b r  @RQ. The monopulse system DRO is 
designed to operate in bot6 IC& mode in the presence of the 
downIinlr signal h m  the SDST and uniock mode when the 
dowrplinlr si& is not pme& An automatic gain control 
(AGC) circuit is JBXI in the m channel to maintain a 
constant ~ € m n c e  si@ level- The sum channel E signal 
is used as the reference si@ to the two phase detectors to 
produce the elevation mgk-en~r and azimuth-angle-error 
voltages flO]+ Tbese angle+mr ~oltages are further 
processed in the micro-rontroller circuit to generate the 
apprapae phase Correc~m at&-- 



The monopulse tracking system is designed to operate in 
the autonomous auto-tracking mode with an uplink X-band 
received sigr~& without the aid of the X-band downlink 
signal. However, it provides b&er psecision auto-trackktg 

is available &om the SDST. In this precision irachg 
mode, the DRO locks to the 8.4-GHz downlink signal from 
the SDST and improves the pahmance of the monopuke 
fracking system with precision tracking and higher signal- 
to-noise mtio (SNR). Alternatively, it is possible to use the 
hiked voiiagsontrolled crystal oscillator (VCXO) signal 

assess the mcking-angle emm. 

when the X-band pd-tracked domnlink signal (8.4 GHz) 

(B 38.29 h m )  h a&! §DST ti3 mhemf.Jy szEq3k aid  

The X-band monqdse mcki~g unit consisis of filters, 
hybrids, X-band h&DC ampWmy mixers, phase det&on, 
operatiod amplifim (op amps), and a DRO. A c~mmon 
dc-to-dc converter is us4  for both ~IE electronic k- 
steering intedkce unit and the X-band m o m p d ~  mcking 
andl Ka-band pointing dqstm AU components are 
commnercially available, and no device development is 
wananted The e c e s  caa withstand 20 lnad (Si) and vdl 
require shielding for the JIMQ applicatim The eWrcmic 
beamsteering interface sh~wn in Fig. 4 consists of hybrids, 
Ka-band MMEC hear phase shiften, Mh4K amplifiers, 
phase comparatDrs, op amps, a microc0ntroller with 
memoxy, and dc-to-de converters. The spe&cation of the 
Ka-band MMIC linear phase shifter 191 is given in Table 4. 
This Ka-bad phase shifter needs tu be developed. All other 
components are available. GaAs MMIC devices cita 
withstand 1 Mad (Si) total[ ionizing dosage m), while 
the remaking devim and the micmcontrolfer circuits cart 
withstmd 20 h d  and reqtdse- shielding fix the JPMO 
apg limtim. 

fa& 4. Specrncatwsforthe KabandMWIC linearpfiaae 
shrtter ’for hrgh-BAp duser-array applmmn. 

Par- S ! X C i B f s r i G D  

The detaiIed subsystem design and analysis are beyond the 
scope of this work. The prehnmary analysis shows that the 
boresight rms tracking phase error is 0.21 mrad; the 
bomigbt pointing error is 0.15 ma& and the combined 
boresight rms tracking and pointing error is 0,24 ma& 
which is well vitb the specifed requirement, The 
electronic beam-tracking and -steering system thus will 
meet the speci.ed boresight bem-pirtting requirement of 
1 3  mrad. 

4. CONCLUSIONS 
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assembling a scrapbook a f s p c e  expktraticm n m  articles, 
dreaming of someday jaitling Jet l?rqdsio~l hbmatory, 
since the night hiis parents let a ten-year-old stay up well 
past bedlime to watch live images of the moon being 
settrrrred from Ranger 8. purslning this interest in science 
and engineerin& he received an AS. degree in ElectroniM 
em DQn BQ5m T G U d  m @ t e  izl 1973; a B.S.EE.E, 
from California State Polytechnic UnivmiQ, Fornow in 
1982; and an M3.E.E from CaLifOrnia State University, 
Los Angeles in 1987. Early in his cafeer he discmered a 
passion for teaching and has over 30 y w  experience 
instruCng both hi& school. and cdlege shdents. 
C m t l y ,  he is a Prdessor of Electronics for the Los 
Angeles Community College District a d  has Geen a faculty 
member of Pierce CoiIege since 1986. Ne has developed 
and basic through a h m i  electronics courses, with 

~~ ---ai -imerest.-~-&-e RF a n d ~ c ~ ~ ~ ~  - -- 

fields. His dram of warking at the Jet Propdsim 
L&mv WB realized in 1997 when he was invited to 
join its Technical S t d E  to assist in the development of tiny 
bnt hardy radio systems for micro mer apphcatim. IJis 
old scrapkmk or ‘Bream Book?, stiU comes in handy 
when giving motivational talks to grade school childrenn, 




